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(54) Active matrix type display device and a driving method thereof 



(57) In an active matrix type display device, a signal 
voltage is applied from a signal line driving circuit via an 
active element such as a TFT to display electrodes on 
a matrix substrate, and a common voltage is applied to 
a counter electrode on a facing substrate so that the 
common voltage is shared by respective display cells. 
A level of the common voltage is switched in every re- 
fresh period of a different length. Thus, it is possible to 
appropriately set a value of the common voltage which 
is a reference for specifying an effective voltage of pos- 
itive polarity and an effective voltage of negative polarity 
according to the refresh periods. As a result, even when 
the refresh periods of a different length exist in a mixed 
manner, it is possible to equalise the effective voltage 
of positive polarity and the effective voltage of negative 
polarity so as to suppress an occurrence of a flicker. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present Invention relates to an active ma- s 
trix type display device which can Improve display qual- 
ity by reducing the flicker, and a driving method of the 
active matrix type display device, 

BACKGROUND OF THE INVENTION 

[0002] A liquid crystal display device which employs 
an active matrix driving method is known as a conven- 
tional image display device. The liquid crystal display 
device, as shown in FIG. 19, includes a liquid crystal 
panel 1 , a scanning line driving circuit 2, a signal line 
driving circuit 3, and a buffer circuit 4. 
[0003] The liquid crystal panel 1 includes a matrix 
substrate 11 , a facing substrate 12 provided so that it 
faces the matrix substrate 1 1 in parallel , and liquid crys- 
tal (not shown) filled between the both substrates 1 1 and 
12. There are a plurality of scanning lines G(0) to G(3) 
and a plurality of signal lines S(0) to S(3) which cross 
each other and display cells 13 provided in a matrix 
manner on the matrix substrate 11. Counter electrode 

16 shown in FIG. 20 is provided on the facing substrate 
12 so that the counter electrode 1 6 solely corresponds 
to the display cells 13. Note that, although a case where 
the counter electrode 16 is provided on the facing sub- 
strate 12 is shown here, there is also an IPS (in Plane 
Switching) structure in which the counter electrode 16 
is provided on the matrix substrate 11 . 
[0004] The display cell 13, as shown in FIG. 20, in- 
cludes a thin film transistor (hereinbelow referred to as 
TFT) 1 4 which is a switching element, and a liquid crys- 
tal capacitance CLC. A source of the TFT 1 4 is connect- 
ed to the signal line S(i), and a gate of the TFT 14 is 
connected to the scanning line GQ). Signal voltages V 
sp and V sn which are outputted from the signal line driv- 
ing circuit 3 to the signal line S(i) are applied as a drain 
voltage Vd (i,j) via the source and a drain of the TFT 14 
to a display electrode 15 which is an electrode of the 
liquid crystal capacitance CLC. Further, a common volt- 
age V com which is outputted from the buffer circuit 4 
shown in FIG. 19 is applied to the counter electrode 16 
which is another electrode of the liquid crystal capaci- 
tance CLC. 

[0005] In this way, when potential deference between 
the drain voltage V d (i,j) and the common voltage V com 
is applied to the liquid crystal capacitance CLC, the 
transmittance or the reflection ratio of the liquid crystal 

1 7 between the both electrodes 1 5 and 1 6 are changed, 
so that an image which corresponds to an inputted im- 
age data is displayed on the display cells 13. Further, a 
charge accumulated in the liquid crystal capacitance 
CLC is stored in for a given period, so that an image is 
kept displayed in the respective display cells 13, corre- 
sponding to the holding of the charge, even when the 



TFT 14 is OFF. 

[0006] A method for displaying an image by scanning 
(applying) successively like the foregoing driving meth- 
od is called a refresh method. Further, a period in which 
the signal voltages V sp and V sn are applied to the dis- 
play cell 13, and further, the signal voltages V sp and V 
sn are stored by the liquid crystal capacitance CLC is 
called a refresh period. 

[0007] In this liquid crystal display device, as shown 
in FIG. 21 , when a gate pulse of potential differences (V 
gh to V gl) is outputted from the scanning line driving 
circuit 2 to the scanning line G(j) in the first refresh pe- 
riod T v1, the TFT 14 becomes ON, so that the signal 
voltage V sp of positive polarity which is being outputted 
from the signal line driving circuit 3 to the signal line S 
(i) in this while is applied to the display cell 13. Thereaf- 
ter, the signal voltage V sp is stored by the liquid crystal 
capacitance CLC. In the next refresh period T v1 , the 
signal voltage V sn of negative polarity which is being 
outputted from the signal line driving circuit 3 to the sig- 
nal line S(i) is applied to the display cell 1 3 and stored 
in the same manner, while the TFT 1 4 is ON. In the liquid 
crystal display device, in order to prevent deterioration 
of the liquid crystal due to the application of the d.c. volt- 
age, the signal voltages V sp and V sn of a different po- 
larity are applied repeatedly, so that the liquid crystal is 
a.c.-driven, for example, in every dot. 
[0008] Further, a luminous property is specified by an 
effective value (effective voltage V rms(P1) and V rms 
(N1 )) of a differential voltage between the signal voltag- 
es V sp and V sn which is stored by the liquid crystal 
capacitance CLC. Thus, when the effective voltage V 
rms(P1 ) is not equal to the effective voltage V rms(N1 ), 
change of the luminance occurs in every refresh period, 
so that flicker occurs in the screen. As a result, the dis- 
play quality degrades so much, and a residual DC which 
can bring about the deterioration of the liquid crystal is 
applied to the liquid crystal. 

[0009] For example, in order to clear the foregoing de- 
fect, as shown in FIG. 19, an offset adjusting circuit 31 
made of a variable resistance is provided in a conven- 
tional liquid crystal display device. In the offset adjusting 
circuit 31, a power supply voltage V ref is adjusted by 
the offset adjusting circuit 31 and the common voltage 
V com is changed so that the effective voltage V rms 
(P1) is equal to the effective voltage V rms(N1). In this 
way, the common voltage V com is adjusted, so that it 
is possible to suppress the flicker. The prior art, for ex- 
ample, is disclosed in Japanese Unexamined Patent 
Publication No. 15452/1999 (Tokukaihei 11-15452) 
(publication date: January 22, 1999). 
[0010] Incidentally, as shown in FIG. 21 , there is a liq- 
uid crystal display device whose display is switched in 
a high-speed refresh display mode (hereinbelow re- 
ferred to as display mode A) for displaying in a short 
refresh period T v1 and in a low-speed refresh display 
mode (hereinbelow referredto as B mode) for displaying 
in a long refresh period T v2. In this case, even when 
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the signal voltages V sp and V sn are applied to the dis- 
play cell 1 3 and are stored, in the display mode B whose 
refresh period is long, the effective voltage V rms(P2) is 
not equal to the effective voltage V rms(N2) in the re- 
fresh periods T v2 and T v2. This is caused by the fol- 
lowing operating characteristic of the TFT 14. 
[0011] First, as shown in FIG. 21 , when the signal volt- 
age V sp is applied and is stored, an OFF voltage V off 
(P) of the TFT 14 is a difference between a high stored 
potential and the potential V gl. When the signal voltage 
V sn is applied and is stored, an OFF voltage V off(N) 
of the TFT 14 is a difference between a low stored po- 
tential and the potential V gl. 

[0012] Further, as shown in V gd - Id characteristic of 
FIG. 22 (V gd shows a voltage of the gate/drain line, and 
Id shows a drain current), the TFT 14 is not an ideal 
switch in that a leak current flows when it is OFF, and a 
leak current corresponding to the OFF voltage V off(N) 
and a leak current corresponding to the OFF voltage V 
off(P) are different in power. 

[0013] Thus, the case where the signal voltage V sp 
is applied and stored is deferent from the case where 
the signal voltage V sn is applied and stored, in terms 
of amount of leak discharge in storing the voltage. As a 
result, as shown in FIG. 21 , the effective voltage V rms 
(P2) and the effective voltage V rms(N2) which are 
based on the common voltage V com decline in different 
inclination, so that imbalance occurs. As the influence 
of this, the longer the refresh period becomes, the more 
imbalance occurs, so that change of the luminance oc- 
curs every time the refresh period changes. As a result, 
flicker occurs, and the quality of a displayed image de- 
grades. 

[0014] Note that, the refresh period is changed when 
a display mode is changed by a computer display, or 
when a TV display mode (NTSC and PAL) is switched. 
In addition to this, the refresh period is changed in low- 
frequency driving and cessation driving both of which 
are performed so that power can be saved. 
[0015] Further, a leak current which occurs in the liq- 
uid crystal itself and other cause (leak current of the liq- 
uid crystal capacitance itself) bring about the imbalance 
of the effective voltages V rms(P2) and V rms(N2). 
Therefore, in order to suppress the occurrence of the 
flicker due to these causes, it is required to clear the 
imbalance of the effective voltage, regardless of the 
length of the refresh period. 

SUMMARY OF THE INVENTION 

[0016] The object of the present invention is to provide 
an active matrix type display device which can clear an 
imbalance of an effective voltage even though refresh 
periods of a different length exist in a mixed manner, 
and to provide a driving method of the active matrix type 
display device. 

[0017] In the active matrix type display device and its 
driving method of the present invention, in order to 



achieve the foregoing object, the active matrix type dis- 
play device includes plural display electrodes provided 
in a matrix manner; a counter electrode which is provid- 
ed so that it faces the display electrode and a common 

s voltage is applied to the counter electrode; an active el- 
ement for applying a signal voltage to the display elec- 
trode when a scanning line is selected; and a storage 
capacitor for storing a driving voltage which is deter- 
mined by the signal voltage applied to the display elec- 

10 trode and a common voltage. The active matrix type dis- 
play device enables level varying means to change a 
levol of the common voltage or the signal voltage ac- 
cording to the length of the applying-storing period in 
which the signal voltage is applied and the driving volt- 

15 age is stored. 

[0018] For example, in a liquid crystal display device, 
as described above, an optical response of the liquid 
crystal is specified by an effective value of the driving 
voltage which is stored by the storage capacitor, so that 

20 the effective value of the driving voltage varies accord- 
ing to the applying-storing period (refresh period). Th us, 
the level of the common voltage or the signal voltage is 
varied by the level varying means of the display device, 
so that the effective value of the driving voltage which 

25 is determined by the signal voltage and the common 
voltage is changed. In order to vary the level of the com- 
mon voltage or the signal voltage, it is preferable that, 
for example, plural d.c. voltages as the common voltage 
or the signal voltage is used, and the d.c. voltages are 

30 changed by the voltage switching means in every ap- 
plying-storing period of a different length. Therefore, it 
is possible to clear the imbalance of the effective value 
of the driving voltage by varying the level of the common 
voltage appropriately. 

35 [001 9] For a fuller understanding of the nature and ad- 
vantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings. 



40 BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

FIG. 1 is a block diagram showing a structure of a 
45 liquid crystal display device according to the first 
embodiment of the present invention. 
FIG. 2 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device, 
FIG. 3(a) and FIG. 3(b) are circuit diagrams show- 
50 ing other structures of an offset voltage setting sec- 
tion of the liquid crystal display device of FIG. 1 . 
FIG. 4 is a block diagram showing a structure of the 
liquid crystal display device according to the second 
embodiment of the present invention. 
55 FIG. 5 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device of FIG. 4. 
FIG. 6(a) and FIG. 6(b) are circuit diagrams show- 
ing other structures of the offset voltage setting sec- 
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tion of the liquid crystal display device of FIG. 4. 
FIG. 7 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device according 
to a modification example of the second embodi- 
ment of the present invention, 
FIG. 8 is a block diagram showing a structure of the 
liquid crystal display device according to the third 
embodiment of the present invention. 
FIG. 9 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device of FIG. 8. 
FIG, 10 is a block diagram showing a structure of 
the liquid crystal display device according to the 
fourth embodiment of the present invention. 
FIG, 11 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device of FIG, 10. 
FIG. 12 is a block diagram showing a structure of 
the liquid crystal display device according to a mod- 
ification example of the fourth embodiment of the 
present invention. 

FiG. 13 is a block diagram showing a structure of 
the liquid crystal display device according to the fifth 
embodiment of the present invention. 
FIG. 14 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device of FIG. 1 3. 
FIG. 15 is a block diagram showing a structure of 
the liquid crystal display device according to the 
sixth embodiment of the present invention. 
FIG. 16 is a wave-form figure showing a driving op- 
eration of the liquid crystal display device of FIG. 15. 
FIG. 17 is a cross sectional view showing a struc- 
ture of the liquid crystal display device according to 
the first to sixth embodiments of the present inven- 
tion. 

FIG. 18 is a plan view showing a structure of the 
liquid crystal display device of FIG. 17. 
FIG. 1 9 is a block diagram showing a structure of a 
conventional liquid crystal display device. 
FIG, 20 is an equivalent circuit diagram showing a 
structure of a display cell in the liquid crystal display 
device of the prior art and the present invention. 
FIG, 21 is a wave-form figure showing a driving op- 
eration of the conventional liquid crystal display de- 
vice. 

FIG. 22 is a graph showing a general operation 
characteristic of a TFT. 

DESCRIPTION OF THE EMBODIMENT 

ffirst embodiment! 

[0021] The first embodiment of the present invention 
is described as follows based on FIG.1 to FIG. 3, and 
FIG. 20. 

[0022] A liquid crystal display device according to the 
present embodiment, as shown in FIG. 1 , includes a liq- 
uid crystal panel 1 , a scanning line driving circuit 2, a 
signal line driving circuit 3, and a buffer circuit 4, as in 
the conventional liquid crystal display device described 



above, and further includes an offset voltage setting 
section 5 and a controlling section 6. 
[0023] The liquid crystal panel 1 includes a matrix 
substrate 11, a facing substrate 12 provided so that it 

s faces the matrix substrate 11 in parallel, liquid crystal 
(not shown) filled between the both substrates 11 and 
12, There are a plurality of scanning lines G(0) to G(3) 
and a plurality of signal lines S(0) to S(3) which cross 
each other and display cells 13 provided in a matrix 

10 manner on the matrix substrate 11 . 

[0024] The display cell 13, as shown in FIG. 20, is pro- 
vided in an area which is surrounded by two adjacent 
scanning lines G(j) and G(j+1) and two adjacent signal 
lines S(i) and S(i+1 ). The display cell 1 3 are made up of 

15 a thin film transistor (hereinbelow referred to as TFT) 1 4 
which is a switching element, and a liquid capacitance 
CLC. Note that, although there is a panel which is pro- 
vided with an auxiliary capacitance in parallel with the 
liquid crystal capacitance CLC so that the display cell 

20 includes the auxiliary capacitance, an explanation 
thereof is omitted here so as to simplify the description. 
[0025] A gate of the TFT 1 4 is connected to the scan- 
ning line G(j), and a source of the TFT 14 is connected 
to the signal line S(i). A signal voltage V sp for positive 

25 polarity and a signal voltage V sn for negative polarity 
are provided to the signal line S(i). Note that, although 
there is a case where respective voltages for positive 
polarity and for negative polarity are required when plu- 
ral gradations are displayed, an explanation thereof is 

30 omitted here so as to simplify the description. 

[0026] The liquid crystal capacitance CLC is made up 
of a display electrode 1 5 which is connected to the drain 
of the TFT 1 4, a counter electrode 16 which faces the 
display electrode 15, and the liquid crystal 1 7 exists be- 

35 tween the both electrodes 1 5 and 1 6. Of them , the coun- 
ter electrode 1 6 is provided on the foregoing facing sub- 
strate 12 (see FIG. 1) so that the counter electrode 16 
solely corresponds to all the display cells 13, 
[0027] In the display cell 1 3 like this, the display elec- 

40 trode 1 5 is connected via the drain and the source of the 
TFT 14 to the signal line S(i), and the gate of the TFT 
14 is connected to the scanning line G (j), Further, the 
common voltage V com which is outputted from the buff- 
er circuit 4 shown in FIG. 1 is applied to the counter elec- 

45 trode 16. In this way, a voltage which is applied to the 
signal line S(i) is applied to the display electrode 15 
while the TFT is ON, and a potential difference between 
the voltage and the common voltage V com which is ap- 
plied to the counter electrode 1 6 changes the transmit- 
so tance or the reflection ratio of the liquid crystal, and an 
image corresponding to the inputted data is displayed 
on the display cells 13. Further, in respective display 
cells 13, a charge accumulated in the liquid crystal ca- 
pacitance CLC is stored for a given period, so that the 

55 image is kept displayed corresponding to the mainte- 
nance of the charge even when the TFT 14 is OFF. 
[0028] The scanning line driving circuit 2 shown in 
FIG. 1 shifts a start pulse given from outside at a clock 
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timing , and further, outputs a gate pulse for selecting the 
scanning lines G(0) to G(3) which is described later via 
the buffer circuit (not shown) provided within. While, the 
signal line driving circuit 3 shifts a start pulse given from 
outside at a clock timing, and samples image data based 
on the shift pulse. Thereafter, the image data is held, 
and the image data of one line is outputted via the buffer 
circuit (not shown) provided within to the scanning lines 
S(0) to S(3). 

[0029] The offset setting section 5 includes resistanc- 
es 5a and 5b, and a switch 5c. In each resistance 5a 
and 5b which functions as voltage setting means, the d. 
c, standard potential V refl is applied to an end and the 
other end is grounded. Further, the resistances 5a and 
5b are variable resistances, so that they can adjust the 
offset, and the first voltage V com1 and the second volt- 
age V com2 are supplied from taps of the resistances 
5a and 5b respectively. The first voltage V com1 is in- 
putted to one con necting point of two connecting points 
of the switch 5c. and the second voltage V com2 is in- 
putted to the other connecting point of the switch 5c. In 
the switch 5c, the connecting points are switched by a 
controlling signal CONT1 which is transmitted from the 
controlling section 6 described later, and any one of the 
first voltage V com1 and the second voltage V com2 
which are inputted to the switch 5 are outputted to the 
buffer circuit 4. 

[0030] The buffer circuit 4 outputs one inputted volt- 
age out of the first voltage V com1 and the second volt- 
age V com2 as the common voltage V com to the coun- 
ter electrode 16. The first voltage V com1 becomes a 
voltage level of the common voltage V com in the case 
of the display mode A for performing the high-speed re- 
fresh. The second voltage V com2 becomes a voltage 
level of the common voltage V com in the case of the 
display mode B for performing the low-speed refresh. 
[0031] The controlling section 6 is a system controller 
including a CPU etc., and has a function for switching 
the display mode A/the display mode B. For example, 
in a case where the present liquid crystal display device 
is applied to a cellular phone, in the display mode A, a 
refresh operation is performed at high speed under nor- 
mal displaying condition such as a condition in speak- 
ing. Further, in the display mode B, a refresh operation 
is performed at low speed under minimum displaying 
condition such as a standby condition. 
[0032] Further, in a general liquid crystal display de- 
vice used in a television or a monitor of a computer, the 
following display modes A and B may be used, For ex- 
ample, there is a case where the display modes A and 
B are switched when the display modes are changed by 
a computer display, or when a TV display mode (NTSC 
and PAL) is switched. In addition to this, the display 
modes A and B are switched in low-frequency driving 
and cessation driving both of which are performed so 
that power can be saved. 

[0033] Here, a switching operation of the common 
voltage V com in the liquid crystal display device which 



is arranged as above is described, 
[0034] Based on an arbitrary display cell 13, a case 
where the liquid crystal 1 7 is a.c. driven per applying 
scanning of the display cell 13 is described, As shown 

5 in FIG. 2, in the display mode A, when gate pulses (gate 
ON voltage V gh, gate OFF voltage V gl) of potential 
differences (V gh to V gl) are outputted from the scan- 
ning line driving circuit 2 to the scanning line G(j) in the 
first refresh period T v1 , the TFT 14 is ON. Thus, the 

10 signal voltage V sp of positive polarity which is being 
outputted from the signal line driving circuit 3 to the sig- 
nal line S(i) in this while is applied to the display cell 13. 
Thereafter, the signal voltage V sp is stored by the liq uid 
crystal capacitance CLC. In the next refresh period T 

15 v1 , the signal voltage V sn of negative polarity which is 
being outputted from the signal line driving circuit 3 to 
the signal line S(i) is applied to the display cell 13 and 
stored in the same manner, while the TFT 14 is ON, 
[0035] In the offset voltage setting section 5, the 

20 switch 5c is switched to the side of the resistance 5a by 
the controlling signal CONT1 of "H" level transmitted 
from the controlling section 6 in the display mode A. By 
this, the first voltage V com1 is selected as the common 
voltage V com, and is applied to the counter electrode 

25 16. Then, the effective voltage V rms(P1) which is de- 
termined in accordance with the first voltage V com 1 and 
is applied to the liquid crystal 1 7 in the first refresh period 
T v1 is almost equal to the effective voltage V rms(N1) 
which is applied to the liqu id crystal 1 7 in the next refresh 

30 period T v1 , 

[0036] While, in the display mode B, as in the display 
mode A, the signal voltage V sp is applied and stored in 
the first refresh period T v2, and the signal voltage V sn 
is applied and stored in the next refresh period T v2. 

35 However, in the offset voltage setting section 5, the 
switch 5c is switched to the side of the resistance 5b by 
the controlling signal CONT1 of "L" level transmitted 
from the controlling section 6 in the display mode B. By 
this, the common voltage V com is switched to the sec- 

40 ond voltage V com2 which is higher than the first voltage 
V com1, and is applied to the counter electrode 16. 
Then, an effective voltage V rms(P3) which is deter- 
mined in accordance with the second voltage V com2 
and is applied to the liquid crystal 17 in the first refresh 

45 period T v2 is almost equal to an effective voltage V rms 
(N3) which is applied to the liquid crystal 17 in the next 
refresh period T v2. 

[0037] Thus, in the liquid crystal display device of the 
present embodiment, in the offset voltage setting sec- 

50 tion 5, a level of the common voltage V com is switched 
in the display mode A and the display mode B in which 
the refresh periods T v1 and T v2 are different in the 
length. By this, different common voltages V com (the 
first and second voltages V com1 and V com2) are set 

55 in the refresh periods T v1 and T v2 respectively. Thus, 
respective common voltages V com in the display 
modes A and B are set appropriately as described 
above, so that it is possible to clear almost all the imbal- 
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ance between the effective voltage of positive polarity 
and the effective voltage of negative polarity. And the 
imbalance occurs because the amount of the leak dis- 
charge differs in the display mode A and in the display 
mode B when the TFT 14 is OFF. As a result, it is pos- 
sible to suppress the flicker which occurs in a displayed 
image, so that it is possible to improve the quality of the 
displayed image. 

[0038] Note that, in the present embodiment, al- 
though a storage capacitor includes only the liquid crys- 
tal capacitance CLC, the storage capacitor may be ar- 
ranged by combining the liquid crystal capacitance CLC 
and the auxiliary capacitance. Further, an electrode 
structure may be a structure such as an IPS mode in 
which the counter electrode 1 6 is provided on the matrix 
substrate 11. 

[0039] Next, a modification example of the present 
embodiment is described. 

[0040] In the liquid crystal display device according to 
the present modification example, as shown in FIG. 3 
(a), the offset voltage setting section 5 includes resist- 
ances 5e to 5h which function as voltage setting means 
instead of the foregoing resistances 5a and 5b, and in- 
cludes a switch 5i instead of the foregoing switch 5c. 
The switch 5i is arranged so that a pair of switches hav- 
ing two connecting points are provided in positive. 
[0041] The standard potential V refl is applied to an 
end of the resistance 5e and an end of the resistance 
5f, and another end of the resistance Be and another 
end of the resistance 5f are connected to different con- 
necting points provided on one side of the switch 5i. 
While, in each resistance 5g and5h, an end is grounded 
and the other end is connected to each different con- 
necting point provided on another side of the switch 5i. 
[0042] When the controlling signal CONT1 is "H" lev- 
el, the switch 5i connects respective connecting points 
which are connected to the resistances 5e and 5g to the 
buffer circuit 4. Further, when the controlling signal 
CONT1 is "L" level, the switch 5i connects respective 
connecting points which are connected to the resistanc- 
es 5f and 5h to the buffer circuit 4. 
[0043] According to the structure, the offset voltage 
setting section 5 is arranged so that the switch 5i con- 
nects the resistances 5e and 5g in positive in the display 
mode A, so that the standard potential Vref 1 is divided 
by the resistances 5e and 5g, and the first voltage Vcoml 
is obtained. While, in the display mode B, the switch 5i 
connects the resistances 5f and 5h in positive, so that 
the standard potential Vrefl is divided by the resistanc- 
es 5f and 5h , and the second voltage Vcom2 is obtained. 
[0044] In the structure of the offset voltage setting 
section 5 which uses the resistances 5a and 5b de- 
scribed above, even when the resistances 5a and 5b 
are not connected to the switch 5c, a current always 
flows in the resistances 5a and 5b. Thus, as more dis- 
play modes which are different in length are set, the 
number of resistance setting circuits such as the resist- 
ances 5a and 5b increases. As a result, a current flows 



10 

in all the resistance setting circuits, so that power con- 
sumption increases. 

[0045] On the other hand, according to the foregoing 
structure, any one of the resistances 5e and 5g, or any 

5 one of the resistances 5f and 5h is not connected by the 
switch 5i, so that a current does not flow in the resist- 
ances which are not connected. As a result, power is 
not consumed. Thus, this arrangement does not allow 
the power consumption to increase, even when more 

10 display modes which are different in the length are set, 
and the number of the resistance setting circuits in 
creases. 

[0046] Further, in the liquid crystal display device ac- 
cording to another modification example, as shown in 

15 FIG. 3(b), the offset voltage setting section 5 includes 
resistances 5k and 5j which are connected in positive 
instead of the resistances 5a and 5b of FIG. 1 . The re- 
sistances 5j and 5k which function as voltage setting 
means are variable resistances, and the first voltage V 

20 com1 and the second voltage V com2 are supplied from 
taps of the respective resistances. The first voltage V 
com1 is inputted to one connecting point of the switch 
5c, and the second voltage V com2 is inputted to the 
other connecting point of the switch 5c. 

25 [0047] The structure allows the offset voltage setting 
section 5 to connect the switch 5c to the resistance 5j 
on the side of a low potential in the display mode A, so 
that the first voltage V com1 is obtained as the common 
voltage V com. While, in the display mode B, the switch 

30 5c is connected to the resistance 5k on the side of a high 
potential, so that the second voltage V com2 is obtained 
as the common voltage V com. 
[0048] In the structure, even when more display 
modes which are different in the length are set, and 

35 more common voltage levels are required, it is possible 
to satisfy the requirement by increasing the number of 
the taps from which a signal level is supplied. This is 
possible because the resistances 5j and 5k are connect- 
ed in positive. Thus, even when many voltage levels of 

40 the common voltage V com are required, the number of 
current paths does not increase, so that a power con- 
sumption does not increase. 

[0049] Note that, in the present embodiment, al- 
though a resistance is used as voltage setting means, 
45 a capacitor which can divide a voltage may be used in- 
stead of the resistance. This is also the case with em- 
bodiments described below. 

[second embodiment] 

50 

[0050] The second embodiment of the present inven- 
tion is described as follows based on FIG. 4 to FIG. 6. 
Note that, in the present embodiment, components hav- 
ing the same function as the components in the first em- 
55 bodiment are given the same reference numerals, and 
descriptions thereof are omitted. 
[0051] A liquid crystal display device according to the 
present embodiment, as shown in FIG. 4, includes a liq- 
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uid crystal panel 1 . a scanning line driving circuit 2, a 
signal line driving circuit 3, and a buffer circuit 4 as in 
the liquid crystal display device of the first embodiment. 
Further, the present liquid crystal display device in- 
cludes an offset voltage setting section 7 and a control- s 
ling section 8 instead of the offset voltage setting section 
5 and Ihe controlling section 6 (see FIG, 1). In the 
present liquid crystal display device, unlike the liquid 
crystal display device of the first embodiment, the com- 
mon voltage V com applied to the counter electrode 1 6 
(sec FIG. 20) is fixed at a certain value, and the signal 
voltages V sp and V sn given to the signal line driving 
circuit 3 are offset with them corresponding to the dis- 
play mode. 

[0052] The offset voltage setting section 7 includes re- 
sistances 7a to 7d and switches 7e and 7f . In each re- 
sistance 7a to 7d as voltage setting means, the standard 
potential V ref2 is applied to an end, and the other end 
is grounded. Further, resistances 7a to 7d are variable 
resistances, so that it is possible to adjustthe offset, and 
the first voltage V sp1, the second voltage V sp2, the 
first voltage V sn1 , and the second voltage V sn2 are 
supplied from respective taps. 
[0053] The first voltage V sp1 is inputted to one con- 
necting point of the switch 7e, and the second voltage 
V sp2 is inputted to the other connecting point of the 
switch 7e. The switch 7e switches any one of the first 
voltage V sp1 and the second voltage V sp2 and outputs 
the switched voltage to the signal driving circuit 3 in ac- 
cordance with a controlling signal CONT 2 transmitted 
from the controlling section 8 which is described later. 
[0054] While, the first voltage Vsn1 is inputted to one 
connecting point oftheswitch 71 and the second voltage 
Vsn2 is inputted to the other connecting point of the 
switch 7f. The switch 7f switches any one of the first volt- 
age V sn1 and the second voltage V sn2 which are in- 
putted in synchronism with the switch 7e and outputs 
the switched voltage to the signal driving circuit 3 in ac- 
cordance with the controlling signal CONT 2 transmitted 
from the controlling section 8. 

[0055] The controlling section 8 is a system controller 
including a CPU etc., and has a function for switching 
forthe display mode A/the display mode B as in the con- 
trolling section 6 (see FIG.1) of the first embodiment. 
The controlling section 8 outputs the controlling signal 
CONT 2 of "H" level when the display mode A is set, and 
outputs the controlling signal CONT 2 of "L" level when 
the display mode B is set. 

[0056] The following is a description of a switching op- 
eration of the signal voltages Vsp and Vsn in the liquid 
crystal display device arranged in the foregoing manner. 
[0057] Based on an arbitrary display cell 13, a case 
where the liquid crystal 1 7 is a.c. driven in ever applying 
scanning of the display cell 13 is described. As shown 
in FIG. 5, in the display mode A, when gate pulses (gate 
ON voltage V gh, gate OFF voltage V gl) of potential 
differences (V gh to V gl) are outputted from the scan- 
ning line driving circuit 2 to the scanning line G(j) in the 



first refresh period T v1 , the TFT 14 is ON. Thus, the 
signal voltage V sp of positive polarity which is being 
outputted from the signal line driving circuit 3 to the sig- 
nal line S(i) in this while is applied to the display cell 13. 
Thereafter, the signal voltage V sp is stored by the liquid 
crystal capacitance CLC. In the next refresh period T 
v1 , the signal voltage V sn of negative polarity which is 
being outputted from the signal line driving circuit 3 to 
the signal line S(i) is applied to the display cell 13 and 
stored in the same manner, while the TFT 14 is ON. 
[0058] In the offset voltage sotting section 7, the 
switches 7c and 7f arc switched to the side of the resist- 
ances 7a and 7c by the controlling signal CONT2 of "H" 
level transmitted from the controlling section 8 in the dis- 
play mode A. By this, the first voltages Vsp1 and Vsn1 
are selected as the signal voltages Vsp and Vsn, and 
are applied to the signal driving circuit 3. Then, the ef- 
fective voltage V rms(P1 ) which is determined in accord- 
ance with the first voltages Vsp1 and Vsn1 and is ap- 
plied to the liquid crystal 1 7 in the first refresh period T 
v1 is almost equal to the effective voltage V rms(N1) 
which is applied to the liquid crystal 1 7 in the next refresh 
period T v1. 

[0059] While, in the display mode B, as in the display 
mode A, the signal voltage V sp is applied and stored in 
the first refresh period T v2, and the signal voltage V sn 
is applied and stored in the next refresh period T v2. 
However, in the offset voltage setting section 7, the 
switches 7e and 7f are switched to the side of the resist- 
ances 7b and 7d by the controlling signal CONT2 of "L" 
level transmitted from the controlling section 8 in the dis- 
play mode B. By this, the signal voltages Vsp and Vsn 
are switched to the second voltages Vsp2 and V sn2 
which are lower than the first voltages Vsp1 and V sn1 , 
and are applied to the signal line driving circuit 3. Then, 
an effective voltage V rms(P4) which is determined in 
accordance with the second voltages Vsp2 and V sn2 
and is applied to the liquid crystal 17 in the first refresh 
period T v2 is almost equal to an effective voltage V rms 
(N4) which is applied to the liquid crystal 17 in the next 
refresh period T v2, 

[0060] Thus, in the liquid crystal display device of the 
present embodiment, in the offset voltage setting sec- 
tion 7 a level of the signal voltage Vsp and Vsn are 
switched in the display mode A and the display mode B 
in which the refresh periods T v1 and T v2 are different 
in the length. By this, different signal voltages Vsp and 
Vsn (the first voltages Vsp1 and Vsn1 , and the second 
voltages Vsp2 and Vsn2) are set in the refresh periods 
T v1 and T v2 respectively. Thus, respective signal volt- 
ages Vsp and Vsn are set appropriately as described 
above, so that it is possible to clear almost all the imbal- 
ance between the effective voltage of positive polarity 
and the effective voltage of negative polarity. And the 
imbalance occurs because the amount of the leak dis- 
charge differs in the display mode A and in the display 
mode B when the TFT 14 is OFF. As a result, it is pos- 
sible to suppress the flicker which occurs in a displayed 



15 



20 



25 



30 



35 



40 



45 



50 



13 



EP1 195 741 A2 



14 



image, so that it is possible to improve the quality of the 
displayed image. 

[0061] Next, a modification example of the present 
embodiment is described. 

[0062] Also in the liquid crystal display device accord- 5 
ing to the present modification example, the offset volt- 
age setting section 7 can be arranged as shown in FIG. 
6(a) and FIG. 6(b). Specifically, as shown in FIG. 6(a), 
the offset voltage setting section 7 includes resistances 
7g to 7n which function as voltage setting means instead 10 
of the foregoing resistances 7a and 7d, and includes a 
switches 7o and 7p instead of the switches 7c and 7f. 
The switches 7o and 7p are arranged so that two pairs 
of switches having two connecting points are provided 
in positive. *s 
[0063] According to the structure, in the offset voltage 
setting section 7, the switch 7o connects the resistances 
7g and 7i in positive by the controlling signal CONT2 of 
"H" level, and the switch 7p connects the resistances 7k 
and 7m in positive, so that the standard potential Vref2 20 
is divided by the resistances 7g and 7i and the resist- 
ances 7k and 7m respectively, and the first voltages 
Vsn1 and Vsp1 are obtained in the display mode A, 
[0064] While, the switch 7o connects the resistances 
7h and 7j in positive by the controlling signal CONT2 of 25 
"L" level, and the switch 7p connects the resistances 71 
and 7n in positive, so that the standard potential Vref2 
is divided by the resistances 7h and 7j and the resist- 
ances 71 and 7n respectively, and the second voltages 
Vsn2 and Vsp2 are obtained in the display mode B. 30 
[0065] Further, the liquid crystal display device ac- 
cording to another modification example, as shown in 
FIG. 6(b), the offset voltage setting section 7 includes 
resistances 7r to 7u provided in positive instead of the 
resistances 7a to 7d of FIG. 4. The resistances 7r to 7u 35 
as voltage setting means are variable resistances, and 
the first voltage Vsp1 , the second voltage Vsp2 ( the first 
voltage Vsn1 , and the second voltage Vsn2 are supplied 
from taps of the respective resistances. The first voltag- 
es Vsp1 and Vsn1 arc inputted to one connecting point 40 
of each switch 7e and 7f , and the second voltages Vsp2 
and Vsn2 are inputted to the other connecting point of 
each switch 7e and 7f. 

[0066] According to the structure, in the offset voltage 
setting section 7, the switches 7e and 7f are connected 45 
to the resistances 7r and 7t, so that the first voltages 
Vsp1 and Vsn1 are obtained in the display mode A. 
While, in the display mode B, the switches 7e and 7f are 
connected to the resistances 7s and 7u, so that the sec- 
ond voltages Vsp2 and Vsn2 are obtained in the display 50 
mode B. 

[0067] In the structures shown in FIG. 6(a) and FIG. 
6(b), as in the structures of FIG. 3(a) and FIG.3(b), when 
the signal voltages Vsp and Vsn are not outputted, the 
number of current paths in which a current flows is not 55 
increased, even in a case where more display modes 
which are different in the length are set and more voltage 
levels are required as the signal voltages Vsp and Vsn 



since. Thus, power consumption does not increase. 
[0068] Further, in the liquid crystal display device ac- 
cording to another modification example, any one of the 
signal voltages Vsp and V sn is solely offset, and the 
other is fixed at a certain value. The liquid crystal display 
device can be realized by arranging so that in the offset 
voltage setting section 7 of FIG. 4, for example, the re- 
sistance 7b and the switch 7e are omitted, and the signal 
voltage Vsp is obtained from the resistance 7a directly. 
[0069] In the liquid crystal display device, as shown 
in FIG. 7, in the first refresh period Tv2 in the display 
mode B, a constant signal voltage Vsp is applied and 
stored, and in the next refresh period Tv2, a signal volt- 
age Vsn which is switched from the first voltage Vsn1 of 
the display mode A to the second voltage Vsn2 of the 
display mode B is applied and stored. 
[0070] In the liquid crystal display device, the signal 
voltage Vsp is fixed to a certain value, so that amount 
of the offset signal voltage Vsn (absolute value of the 
difference between the first voltage Vsn1 and the sec- 
ond voltage Vsn2) is set so that an effective voltage 
Vrms(P5) is equal to an effective voltage Vrms(IM5). 
[0071] Further, even when the signal voltage Vsn is 
fixed to a certain value, and only the signal voltage Vsp 
is offset, it is possible that the effective voltage Vrms( P5) 
is equal to the effective voltage Vrms(N5) in the same 
manner. 

[0072] According to the structure, any one of the sig- 
nal voltages Vsp and Vsn is solely offset, so that it is 
possible to simplify the structure of the offset voltage 
setting section 7, compared with the structure of FIG. 4 
in which both the signal voltages Vsp and Vsn are offset. 

[third embodiment] 

[0073] The third embodiment of the present invention 
is described as follows based on FIG. 8 to FIG. 9. Note 
that, in the present embodiment, components having 
the same function as the components in the first and 
second embodiments are given the same reference nu- 
merals, and descriptions thereof are omitted. 
[0074] A liquid crystal display device according to the 
present embodiment, as shown in FIG. 8, includes a liq- 
uid crystal panel 1, a scanning line driving circuit 2, a 
signal line driving circuit 3, a buffer circuit 4, and a con- 
trolling section 8, as in the liquid crystal display device 
of the second embodiment. Further, the present liquid 
crystal display device includes an offset voltage setting 
section 9 instead of the offset voltage setting section 7 
of the second embodiment (see FIG. 4). The present 
liquid crystal display device, unlike the liquid crystal dis- 
play device of the second embodiment, corrects imbal- 
ance of the effective voltages in the refresh periods Tv1 
and Tv2 which is brought about by a leak current etc. 
when the TFT 14(see FIG. 20) is OFF in a case where 
the refresh period is long. 

[0075] The offset voltage setting section 9 includes re- 
sistances 9a to 9d and switches 9e to 9f , In each resist- 
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ance 9a to 9d as voltage setting means, the standard 
potential Vref2 is applied to one end, and the other end 
is grounded. Further, the resistances 9a to 9d are vari- 
able resistances, so that it is possible to adjust the offset. 
And the first voltage Vsp1 , the third voltage Vsp3, the 
first voltage Vsn1 , and the third voltage Vsn3 are sup- 
plied from taps of the respective resistances. The third 
voltages Vsp3 and Vsn3 differ from the second voltages 
Vsp2 and Vsn2 (see FIG. 5) in that, according to the 
length of the refresh period Tv2, it is possible to suitably 
increase or decrease a voltage which compensates the 
stored voltage dropped due to a leak current etc. which 
occurs when the TFT 14 is OFF in the refresh period 
Tv2 whose voltage storing period became longer. 
[0076] The first voltage V sp1 is inputted to one con- 
necting point of the switch 9e, and the third voltage V 
sp3 is inputted to the other connecting point of the switch 
9e. The switch 9e switches any one of the first voltage 
V sp1 and the third voltage V sp3 and outputs the 
switched voltage to the signal driving circuit 3 in accord- 
ance with a controlling signal CONT 2 transmitted from 
the controlling section 8. While, the first voltage Vsn1 is 
inputted to one connecting point of the switch 9f, and 
the third voltage Vsn3 is inputted to the other connecting 
point of the switch 9f . The switch 9f switches any one of 
the first voltage V sn1 and the third voltage V sn3 which 
are inputted in synchronism with the switch 9e and out- 
puts the switched voltage to the signal driving circuit 3 
in accordance with the controlling signal CONT 2. 
[0077] In the liquid crystal display device arranged in 
the foregoing manner, as in the liquid crystal display de- 
vice of the second embodiment, a switching operation 
of the signal voltages Vsp and Vsn is performed by the 
offset voltage setting section 9. As a result, as shown in 
FIG. 9, in the display mode A, the first voltages Vsp1 
and Vsn1 are selected as the signal voltages Vsp and 
Vsn in the offset voltage setting section 9, and are ap- 
plied to the signal line driving circuit 3, Then, the effec- 
tive voltage V rms(P1) which is determined in accord- 
ance with the first voltages Vsp1 and Vsn1 and is ap- 
plied to the liquid crystal 17 in the first refresh period T 
v1 is almost equal to the effective voltage V rms(N1) 
which is appliedto the liquid crystal 1 7 in the next refresh 
period T v1 . 

[0078] While, in the display mode B, as in the display 
mode A, the signal voltages V sp and Vsn are applied 
and stored. However, here, the third voltage Vsp3 which 
is higher than the first voltage Vsp1 is applied and stored 
in the first refresh period Tv2, and the third voltage Vsn3 
which is lower than the first voltage Vsn1 is applied and 
stored in the next refresh period Tv2. 
[0079] In the liquid crystal display device of the sec- 
ond embodiment, the refresh period Tv2 becomes long- 
er, and amount of a leak current increases when the TFT 
14 is OFF. As a result, the stored voltage is largely 
dropped in the refresh period Tv2. Thus, as shown in 
FIG. 5 of the second embodiment, in applying the signal 
voltages Vsp and Vsn whose amplitude is the same in 



the refresh periods Tv1 andTv2, even when IVrms(P1) 
I = IVrms(N1)l and IVrms(P4)l = IVrms(N4)l, IVrms(P1) 
I > IVrms(P4)l and IVrms(N1)l > IVrms(N4)l. Thus, the 
quality of display in the refresh period Tv2 degrades. 

s [0080] Unlike this, in the liquid crystal display device 
of the present embodiment, as shown in FIG . 9, the third 
vollages Vsp3 and Vsn3 which include compensation of 
the leak current as the signal voltage are applied in the 
refresh period Tv2, so that the effective voltages Vrms 

10 (N1), Vrms(N6), Vrms(P1), and Vrms(P6) are equal re- 
spectively. Thus, it is possible to keep the quality of dis- 
play even when the refresh periods are different in the 
length. 

[0081] Further, the offset voltage setting section 9 of 
15 the present liquid crystal display device may be ar- 
ranged as in the offset voltage setting section 7 of FIG. 
6(a) and FIG. 6(b) in the second embodiment. Thus, al- 
so in the present liquid crystal display device, the 
number of current paths in which a current flows is not 
20 increased when the signal voltages Vsp and Vsn are not 
outputted. Thus, even in the case where more display 
modes which are different in the length are set and more 
voltage levels are required as the signal voltages Vsp 
and Vsn, the number of current paths in which a current 
25 flows is not increased. As a result, it is possible to avoid 
the increase of power consumption. 

[fourth embodiment] 

30 [0082] The fourth embodiment of the present inven- 
tion is described as follows based on FIG. 1 0 to FIG. 12. 
Note that, in the present embodiment, components hav- 
ing the same function as the components in the first and 
second embodiments are given the same reference nu- 

35 merals, and descriptions thereof are omitted. 

[0083] A liquid crystal display device according to the 
present embodiment, as shown in FIG. 10, includes a 
liquid crystal panel 1 , a scanning line driving circuit 2, a 
signal line driving circuit 3, a buffer circuit 4, and a con 

*o trolling section 8, as in the liquid crystal display device 
of the second embodiment. Further, the present liquid 
crystal display device includes an offset voltage setting 
section 21 instead of the offset voltage setting section 
7 of the second embodiment (see FIG. 4). The present 

45 liquid crystal display device, unlike the liquid crystal dis- 
play device of the second embodiment, as shown in FIG. 
11 , reverses a level of a source signal Vs in every hori- 
zontal line, and offsets a mean potential of an amplitude 
of the source signal Vs, that is, the level of the source 

so signal Vs. The source signal Vs, as described later, is 
generated by the offset voltage setting section 21 in ac- 
cordance with a pulse signal Vs(ref) (see FIG. 10)which 
includes amplitude of the difference between the signal 
voltage Vsp (the first voltage Vsp1 and the second volt- 

55 age sp2) and the signal voltage Vsn (the first voltage 
Vsn1 and the second voltage sn2). 
[0084] As shown in FIG. 10, the offset voltage setting 
section 21 includes resistances 21a and 21b, a switch 
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21c, and an AC coupling capacitor 21 d. 
[0085] In each resistance 21 a to 21 b, the standard po- 
tential V ref3 is inputted to an end, and the other end is 
grounded. Further, resistances 21a to 21b are variable 
resistances, so that it is possible to adjustthe offset, and 5 
a mean potential of an amplitude Vs(offsetl) on the side 
of a high potential and a mean potential of an amplitude 
Vs(offset2) on the side of a low potential are supplied 
from taps of respective resistances. 
[0086] The mean potential of an amplitude Vs(offset1 ) 
is inputted to one connecting point of the switch 21c, 
and the mean potential of an amplitude Vs(offset2) is 
inputted to the other connecting point 21c. The switch 
21c switches any one of the mean potential of an am- 
plitude Vs(offsetl) and the mean potential of an ampli- 
tude Vs(offset2) and outputs the switched amplitude po- 
tential to the signal line driving circuit 3 by the controlling 
signal CONT2 transmitted from the controlling section 
8. The AC coupling capacitor 21 d includes amplitude of 
the difference between the signal voltages Vsp and Vsn 
on one end, and a pulse signal Vs(ref) whose polarity is 
judged in every horizontal line is inputted to the end. And 
the other end is connected to the side of the output ter- 
minal of the switch 21c. 

[0087] According to the liquid crystal display device 
arranged in the foregoing manner, in the offset voltage 
setting section 21 , a switching operation of the switch 
21c allows any one of the mean potential of an amplitude 
Vs(offseti) and the mean potential of an amplitude Vs 
(offset2) to be outputted. Then, the pulse signal Vs(ref) 
whose DC component was removed by the coupling ca- 
pacitor 21 d is superposed on the outputted mean po- 
tential of an amplitude. Thus, the source signals Vs1 and 
Vs2 which are different in the refresh periods Tv1 and 
Tv2 respectively are given to the signal line driving cir- 
cuit 3, 

[0088] First, in the display mode A, the source signal 
Vs1 is selected in the offset voltage setting section 21 , 
and is given to the signal line driving circuit 3. Then, as 
shown in FIG. 1 1 , in the first refresh period Tv1 , the first 
voltage Vsp1 (value in a circle) of the source signal Vs1 
is applied and stored in a period of the gate pulse, and 
in the next refresh period Tv1 , a voltage of the first volt- 
age Vsn1 of the source signal Vs1 is applied and stored 
in the period of the gate pulse. Here, the effective volt- 
age Vrms(P1 ) which is applied to the liquid crystal 1 7 in 
the first refresh period Tv1 is almost equal to the effec- 
tive voltage Vrms(N1 ) which is applied to the liquid crys- 
tal 17 in the next refresh period Tv1 by setting a value 
of the first voltages Vsp1 and Vsn1 . 
[0089] While, in the offset voltage setting section 21 , 
the source signal Vs2 is selected in the display mode B. 
Then, as in the display mode A, the second voltages 
Vsp2 and Vsn2 of the source signal Vs2 (value in a cir- 
cle) are applied and stored. Thus, as in the liquid crystal 
display device of the second embodiment, the effective 
voltage Vrms(P7) becomes almost equal to the effective 
voltage Vrms(N7). 



[0090] In this way, in the liquid crystal display device 
of the present embodiment, the source signal Vs which 
is reversed in every horizontal line is offset, so that it is 
possible to improve the quality of a displayed image as 
in the liquid crystal display device of the second embod- 
iment. 

[0091] Note that, in the present embodiment, al- 
though amplitude of the source signal Vs (source sig- 
nals Vs1 and Vs2) is constant, amplitude of the source 
signals Vs1 and Vs2 may be varied. Concretely, ampli- 
tude of the source signal Vs2 is set to be largerthan that 
of the source signal Vs1 . 

[0092] In order to realize the source signals Vs1 and 
Vs2 which are different in amplitude, as shown in FIG, 
12, the offset voltage setting section 21 includes AC 
coupling capacitors 21 e and 21 f instead of the coupling 
capacitor 21 d, and a resistance 21 g (variable resist- 
ance) as amplitude varying means. In the AC coupling 
capacitor 21 e, the pulse signal Vs(ref) is inputted to one 
end, and the other end is connected to an input terminal 
on the side of the resistance 21b in the switch 21c. In 
the AC coupling capacitor 21 f, the pulse signal Vs(ref) 
is inputted via the resistance 21 g to one end, and the 
other end is connected to an input terminal on the side 
of the resistance 21 a in the switch 21 c, 
[0093] In the offset voltage setting section 21 , ampli- 
tude of the pulse signal Vs(ref) is reduced by the resist- 
ance 21 , so that the source signal Vst having small am- 
plitude is obtained, While, the source signal Vs2 whose 
amplitude is larger than that of the source signal Vs1 is 
obtained from the AC coupling capacitor 21 e. When the 
source signals Vs1 and Vs2 which are different in am- 
plitude are used, a voltage Including compensation of a 
leak discharge is applied in the refresh period Tv2 as in 
the liquid crystal display device of the third embodiment. 
As a result, it is possible to equalize all the effective volt- 
ages Vrms(N1), Vrms(N7), Vrms(P1), and Vrms(P7). 

[fifth embodiment] 

[0094] The fifth embodiment of the present invention 
is described as follows based on FIG. 13 and FIG. 14. 
Note that, in the present embodiment components hav- 
ing the same function as the components in the first em- 
bodiment are given the same reference numerals, and 
descriptions thereof are omitted. 
[0095] A liquid crystal display device according to the 
present embodiment, as shown in FIG. 13, includes a 
liquid crystal panel 1 , a scanning line driving circuit 2, a 
signal line driving circuit 3, a buffer circuit 4, and a con- 
trolling section 6, as in the liquid crystal display device 
of the first embodiment. Further, the present liquid crys- 
tal display device includes an offset voltage setting sec- 
tion 22 instead of the offset voltage setting section 5 of 
the first embodiment (see FIG. 1). The present liquid 
crystal display device, unlike the liquid crystal display 
device of the first embodiment, as shown in FIG. 14, us- 
es a common signal Vcom(AC) which is reversed in eve- 
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ry horizontal line, and offsets a mean potential of an am- 
plitude of the common signal Vcom(AC), that is, the level 
of the common signal Vcom(AC). The common signal 
Vcom(AC) includes amplitude of the difference between 
the highest value and the lowest value, and is supplied 
from the known circuit which is provided outside of the 
offset voltage setting section 22 and generates a com- 
mon signal (pulse signal Vcom(ref) described later) 
which is reversed. 

[0096] As shown in FIG. 13, the offset voltage setting 
section 22 includes resistances 22a and 22b, a switch 
22c, and an AC coupling capacitors 22d and 22e. In 
each resistance 22a to 22b as voltage setting means, a 
certain standard potential V ref is inputted to one end, 
and the other end is grounded. Further, resistances 22a 
to 22b are variable resistances ; so that it is possible to 
adjust the offset, and a mean potential of an amplitude 
Vcom(offset1 ) on the side of a low potential and a mean 
potential of an amplitude Vcom(offset2) on the side of a 
high potential are supplied from taps of respective re- 
sistances. 

[0097] The mean potential of an amplitude Vcom 
(offsetl ) is inputted to one connecting point of the switch 
22c, and the mean potential of an amplitude Vcom 
(offset2) is inputted to the other connecting point 22c. 
The switch 22c switches any one of the mean potential 
of an amplitude Vcom(offsetl) and the mean potential 
of an amplitude Vcom(offset2) and outputs the switched 
amplitude potential to the counter electrode 1 6 (see FIG. 
20) by the controlling signal CONT1 transmitted from the 
controlling section 6. Further, in each AC coupling ca- 
pacitor 22d and 22e, the pulse signal Vcom(ref) which 
is reversed in every horizontal line is inputted to one end. 
And the other end of the AC capacitor 22d is connected 
to an input terminal on the side of the resistance 22a in 
the switch 22c, and the other end of the AC capacitor 
22e is connected to an input terminal on the side of the 
resistance 22b in the switch 22c, 
[0098] According to the liquid crystal display device 
arranged in the foregoing manner, in the offset voltage 
setting section 22, a switching operation of the switch 
22c allows any one of the mean potential of an amplitude 
Vcom(offsetl) and the mean potential of an amplitude 
Vcom(offset2) to be outputted. Then ; the pulse signal 
Vcom(ref) whose DC component was removed by the 
coupling capacitors 22d and 22e is superposed on the 
outputted mean potential of an amplitude. Thus, the first 
and second signals Vcoml and Vcom2 which are differ- 
ent in the refresh periods Tv1 and Tv2 respectively are 
given to the counter electrode 16. 
[0099] First, in the offset voltage setting section 22, 
the first signal Vcoml is selected as the common signal 
Vcom(AC), and is given to the counter electrode 16 in 
the display mode A. Then, as shown in FIG. 14, in the 
first refresh period Tv1 , the differential voltage (value in 
a circle) between a voltage of the source signal Vs which 
is applied in a period of the gate pulse and the common 
signal Vcom(AC) is applied and is stored as a driving 



voltage. While, in the next refresh period Tv1 , the differ- 
ential voltage and a differential voltage of a reversed po- 
larity is applied and stored in the period of the gate pulse. 
Here, the effective voltage Vrms(P1) of a liquid crystal 

5 driving voltage V clc in the first refresh period Tv1 is al- 
most equal to the effective voltage Vrms(N1 ) of the liquid 
crystal driving voltage V clc in the next refresh period 
Tv1 by setting a value of the first signal Vcoml . 
[0100] Note that, although the source signal Vs is 

io drawn as d.c. to simplify the drawing in FIG. 14, the 
source signal Vs may be a pulse signal which is in- or 
off-phase with the common signal Vcom(AC). When the 
source signal Vs is DC of 2V, and the common signal 
Vcom(AC) has the lowest value of 0V and the highest 

15 value of 4V, the liquid crystal driving voltage reverses 
the polarity in voltage range of ±2V. 
[0101] While, in the offset voltage setting section 22, 
the second signal Vcom2 is selected as the common 
signal Vcom(AC) in the display mode B. Then, as in the 

20 display mode A. the differential voltage (value in a circle) 
is applied and stored. Thus, as in the liquid crystal dis- 
play device of the first embodiment, the effective voltage 
Vrms(P8) becomes almost equal to the effective voltage 
Vrms(N8), 

25 [0102] In this way, in the liquid crystal display device 
of the present embodiment, the mean potential of an 
amplitude (level of the common voltage) of the common 
signal Vcom(AC) which is reversed in every horizontal 
line is offset, so that it is possible to improve the quality 

30 of a displayed image as in the liquid crystal display de- 
vice of the first embodiment. 

[sixth embodiment] 

35 [0103] The sixth embodiment of the present invention 
is described as follows based on FIG. 15 and FIG. 16. 
Note that, in the present embodiment, components hav- 
ing the same function as the components in the fifth em- 
bodiment are given the same reference numerals, and 

40 descriptions thereof are omitted. 

[0104] A liquid crystal display device according to the 
present embodiment, as shown in FIG. 15, includes a 
liquid crystal panel 1 , a scanning line driving circuit 2, a 
signal line driving circuit 3, a buffer circuit 4, and a con- 

45 trolling section 6, as in the liquid crystal display device 
of the fifth embodiment. Further, the present liquid crys- 
tal display device includes an offset voltage setting sec- 
tion 23 instead of the offset voltage setting section 22 of 
the fifth embodiment (see FIG. 13). The present liquid 

so crystal display device, as in the liquid crystal display de- 
vice of the fifth embodiment, offsets a mean potential of 
an amplitude of the common signal Vcom(AC) in the re- 
fresh periods Tv1 and Tv2, and further, varies the am- 
plitude. 

55 [0105] The offset voltage setting section 23 includes 
resistances 22a and 22b, resistances 23a and 23b 
which have the same functions as the functions of a 
switch 22c and the AC coupling capacitors 22d and 22e, 
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a switch 23c and AC coupling capacitors 23d and 23e, 
and further includes a resistance 23f as amplitude var- 
ying means. In the offset voltage setting section 23, un- 
like the offset voltage setting section 22, a pulse signal 
Vcom(ref) is inputted via the resistance 23f which is a 
variable resistance to Lhe AC coupling capacitor 23d. 
[0106] In the offset voltage setting section 23, ampli- 
tude of the pulse signal Vcom(ref) is reduced by the re- 
sistance 23f, so that the first common voltage Vcoml 
having the reduced amplitude AC1 is obtained. While, 
the second common voltage Vcom2 having amplitude 
AC2 which is larger than the amplitude AC1 is obtained 
from the AC coupling capacitor 23e. Thus, not only the 
central potential, but also the first and second common 
voltages Vcoml and Vcom2 which are different also in 
the amplitude are obtained. Further, the common volt- 
ages Vcoml and Vcom2 are given to the counter elec- 
trode 16 in the refresh periods Tv1 and Tv2. 
[0107] First, in the offset voltage setting section 23, 
the first common voltage Vcoml is selected as the com- 
mon signal Vcom(AC). and is given to the counter elec- 
trode 16 in the display mode A. Then, as shown in FIG. 
1 6, in the first refresh period Tv1 , the differential voltage 
(value in a circle) between a voltage of the source signal 
Vs which was fetched in a period of the gate pulse and 
the first common voltage Vcom 1 is applied and is stored. 
While, in the next refresh period Tv1 , the differential volt- 
age and a differential voltage of a reversed polarity is 
applied and stored in the period of the gate pulse. Here, 
the effective voltage Vrms(P1) of a liquid crystal driving 
voltage V clc in the first refresh period Tv1 is almost 
equal to the effective voltage Vrms(IN1 ) of the liquid crys- 
tal driving voltage V clc in the next refresh period Tv1 
by setting a value of the first common voltage Vcoml . 
[0108] While, in the offset voltage setting section 23, 
the second common voltage Vcom2 is selected as the 
common signal Vcom(AC) in the display mode B. Then, 
as in the display mode A, the differential voltage (value 
in a circle) is applied and stored. Thus, as in the liquid 
crystal display device of the first embodiment, the effec 
tive voltage Vrms(P9) becomes almost equal to the ef- 
fective voltage Vrms(N9). Moreover, amplitude of the 
common signal Vcom (AC) is large in the refresh period 
Tv2, so that amplitude of the liquid crystal driving voltage 
V clc becomes large. Therefore, as in the liquid crystal 
display device of the third embodiment, the refresh pe- 
riod Tv2 becomes long, so that it is possible to prevent 
the drop of the stored voltage which occurs due to a leak 
discharge when the TFT is OFF. Thus, it is possible to 
equalize all the effective voltages Vrms(N1), Vrms(N9), 
Vrms(P1),and Vrms(P9). 

[0109] Also in the liquid crystal display device of the 
present embodiment, the common signal Vcom(AC) 
which is reversed in every horizontal line is offset, so 
that it is possible to improve the quality of a displayed 
image as in the liquid crystal display device of the fifth 
embodiment. 

[0110] Note that, although the source signal Vs is 



drawn as d.c. to simplify the drawing in FIG. 16, the 
source signal Vs may be a pulse signal which is in- or 
off-phase with the common signal Vcom(AC). In the dis- 
play mode A, when the source signal Vs is DC of 2V, 

5 and the common signal Vcom(AC) is AC of 4V, the liquid 
crystal driving voltage V clc reverses the polarity in volt- 
age range of ±2V. Further, in the display mode B, the 
source signal Vs is DC of 2V as in the display mode A. 
However, when amplitude of the common signal Vcom 

10 (AC) (difference between H level and L level) is equally 
AC of 5V, the liquid crystal driving voltage V clc reverses 
the polarity in voltage range of ±2.5V. In this case, the 
effective voltages Vrms(N1), Vrms(N9), Vrms(P1), and 
Vrms(P9) become equal. 

15 [0111] Note that, although, in the present embodi- 
ment and other embodiments described above, a.c. 
driving methods of a field or frame reversal and a line 
reversal are described, the present invention can be ap- 
plied to other known reversal driving methods such as 

20 a dot reversal and a source reversal. 

[0112] Further, although, in the present embodiment 
and other embodiments described above, driving meth- 
ods of a liquid crystal display device and the liquid crys- 
tal display device which uses the driving methods are 

25 described, the present invention can be applied to a liq- 
uid crystal display device with an auxiliary capacitance 
which is arranged so that a liquid crystal capacitance 
and the auxiliary capacitance are provided in parallel, 
and to a liquid crystal display device of IPS mode which 

30 js arranged so that a counter electrode is provided on 
the matrix substrate on which a TFT is provided. Further, 
a display device is not restricted to an active matrix liquid 
crystal display device, but may be an EL (Electro Lumi- 
nescence) display device. Further, the foregoing display 

35 device can be provided in a cellular phone, a pocket 
game machine, a PDA (Personal Digital Assistants), a 
portable TV, a remote control, a note type personal com- 
puter, and other portable terminals. These portable ter- 
minals are driven almost by a battery. Th us, it is possible 

to to drive the portable terminals in a long time by including 
the display device which can reduce power consump- 
tion with the quality of display kept good. 
[0113] Further, in the present embodiment and other 
embodiments described above, after a scanning period 

45 in which applying is performed in the display cells 13 of 
one screen, a state of a voltage in the respective display 
cells 13 may be kept in a non-scanning period which is 
longer than the scanning period. By this, a scanning is 
not performed in the non-scanning period, so that it is 

so possible to cease driving-related circuits, Therefore, it 
is possible to reduce power consumption. Further, when 
a period in which the display cell 13 maintains a voltage 
is long, an imbalance of the stored voltage occurs be- 
tween positive and negative polarities due to a leak 

55 characteristic of the TFT etc. In order solve the problem, 
levels (in a case of a.c, mean potential of an amplitude) 
of the common voltage Vcom and the common voltage 
Vcom(AC) or the signal voltages Vsp and Vsn and the 
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sours signal Vs are varied as described above, so that 
it is possible to avoid the occurrence of such an imbal- 
ance. 

[structure of the liquid crystal display device] 

[0114] Here, the following is a structure example of a 
common liquid crystal display device in the respective 
embodiments described above. The description is 
based on FIG, 17 and FIG, 18, Here, a reflecting liquid 
crystal display device which includes an auxiliary capac 
itanco provided in parallel with a liquid crystal capaci 
tance is described as an example. 
[0115] FIG, 17 is a cross sectional view of a structure 
of a liquid crystal panel 1 . The cross sectional view of 
FIG. 17 is a view which is seen from a sectional line C 
- C of FIG. 18. The liquid crystal panel 1 is a reflecting 
active matrix type liquid crystal display device, and has 
a basic structure in which a liquid crystal 17 such as a 
nematic liquid crystal is provided between the matrix 
substrate 1 1 and the facing substrate 1 2, and the TFTs 
14 are formed on the matrix substrate 11 as an active 
element. Note that, although the TFT is used as an ac- 
tive element in the present embodiment, an MIM (Metal 
Insulator Metal) or an active element other than the TFT 
can be used. A phase difference plate 41 , a polarizing 
plate 42, and an antireflection film 43 are provided on a 
top face of the facing substrate 12 in this order so as to 
control a state of incident light. A color filter 44 of RGB, 
and the transparent counter electrode 16 are provided 
in this order on the underside of the facing substrate 12. 
Due to the color filter 44, color display is possible. 
[0116] In each TFT 14, a portion of the scanning line 
which is provided on the matrix substrate 11 functions 
as a gate electrode 45, and a gate insulating film 46 is 
formed on the gate electrode 45. An i type amolphous 
silicon layer 47 is formed so that it faces the gate elec- 
trode 45 with the gate insulating film 46 provided there- 
between, and two n + type amolphous silicon layers 48 
are formed so that the two n + type amolphous silicon 
layers 48 faces each other with a channel area of the i 
type amolphous silicon layer 47 being therebetween. A 
data electrode 49 which is a portion of a signal line is 
formed on the top face of one n + type amolphous silicon 
layer 48, and a drain electrode 50 is formed so that it is 
taken from the top face of the other n + type amolphous 
silicon layer 48 to the top face of a flat portion of the gate 
insulating film 46. A portion where the drain electrode 

50 is taken to an upper side of the gate insulating film 
46, as shown in FIG. 18, is connected to a rectangular 
auxiliary capacitance electrode pad 15a which faces a 
auxiliary capacitance wiring 53. A layer insulating film 

51 is formed on the top face of the TFTs 14, and reflect- 
ing electrodes 15b are provided on the top face of the 
layer insulating film 51. The reflecting electrodes 15b 
are reflecting members for performing reflecting display 
by using surrounding light. Minute irregularities are 
formed on a surface of the layer insulating film 51 so as 



to control a direction of reflected light of the reflecting 
electrodes 15b. 

[0117] Further, respective reflecting electrodes 15b 
are conducted via contact holes 52 provided on the layer 

s insulating film 51 to the drain electrode 50. That is, a 
voltage which is applied by the data electrode 49 and is 
controlled by the TFT 14 is applied from the drain elec- 
trode 50 via the contact hole 52 to the display electrode 
15, and the liquid crystal 17 is driven by a voltage be- 

10 tween the reflecting electrode 1 5b and the counter elec- 
trode 16. The auxiliary capacitance electrode pad 15a 
and the reflecting electrode 15b are conducted to each 
other, the liquid crystal 17 exists between the reflecting 
electrode 1 5b and the counter electrode 1 6. In this way, 

15 the auxiliary capacitance electrode pad 1 5a and the re- 
flecting electrode 15b make up the display electrode 15. 
In a case of a transmitting liquid crystal display device, 
transparent electrodes which are provided so that they 
correspond to the foregoing electrodes are used as pic- 

20 ture elements electrodes. 

[0118] Further, in the liquid crystal panel 2, as shown 
in FIG. 18 which is a top view of a lower portion with 
respect to the liquid crystal 1 7 of FIG. 1 7, scanning lines 
G(j) which supply a scanning signal to the gate 45 of the 

25 TFT 1 4 and signal lines S(i) which supply a data signal 
to the data electrode 49 of the TFT 14 are provided so 
that they cross at right angle on the matrix substrate 1 1 . 
Further, auxiliary capacitance wirings 53 are provided 
as auxiliary capacitance electrodes which form auxiliary 

30 capacities of picture elements between respective aux- 
iliary capacitance electrode pads 1 5a. The auxiliary ca- 
pacitance wirings 53 are provided in parallel with the 
scanning lines G(j) on the matrix substrate 11 so that 
the auxiliary capacitance wiring 53 faces the auxiliary 

35 capacitance electrode pad 15a with the gate insulating 
film 46 provided therebetween, As long as the auxiliary 
capacitance wirings 53 are provided away from the 
scanning lines G(j), the auxiliary capacitance may be ar- 
ranged in other manners. Note that, a portion of the re- 

40 fleeting electrodes 1 5b is omitted so as to clarify the po- 
sitioning relation between the auxiliary capacitance 
electrode pads 15a and the auxiliary capacitance wir- 
ings 53 in FIG. 1 8. Further, the irregularities formed on 
the surface of the layer insulating film 51 of FIG. 1 7 are 

45 not shown in FIG. 18. 

[01 19] In the reflecting active matrix type liquid crystal 
display device as described above, back light which 
consumes extremely much power is not required. Thus, 
even when a high-speed refresh display mode which 

50 can realizes an animation display and a low-speed re- 
fresh mode which is to save power are switched as re- 
quired in the reflecting active matrix type liquid crystal 
display device used suitably in portable data terminals 
including a cellular phone, so that it is possible to largely 

55 reduce the flicker which is likely to occur in the liquid 
crystal display device. 

[0120] Further, the active matrix type display device 
and its driving method of the present invention may be 
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arranged so that voltage switching means correspond- 
ing to an applying-storing period is provided, and volt- 
age setting means for setting d.c. voltage is provided, 
and a current flows in only the selected voltage setting 
means. Arranged In this way, a current does not flow in 
the voltage setting means which is not selected. Thus, 
power is not consumed by resistance of the voltage set- 
ting means. 

[0121] Further, in the display device and the driving 
method, a.c. voltage is used as the common voltage or 
the signal voltage, and a mean potential of an amplitude 
of the a.c. voltage may be varied as the level in every 
applying-storing period of a different length. When the 
common voltage orthe signal voltage is a.c. in this way, 
an effective value of a driving voltage is changed also 
by varying the mean potential of an amplitude (level). 
Alternatively, a.c. voltage may be used as the common 
voltage, and amplitude of the a.c. voltage may be varied 
by the amplitude varying means in every applying-stor- 
ing period of a different length. In this way, the effective 
value of the driving voltage is changed also by varying 
amplitude of the common voltage of a.c, and amplitude 
is set to be comparatively large when the applying-stor- 
ing period is long, so that it is possible to compensate a 
drop of the stored driving voltage. The drop of the stored 
driving voltage is brought about by a leak of a charge 
from the storage capacitor due to an operation charac- 
teristic of the active element. Thus, it is possible to ob- 
tain an effect that the quality of a displayed image can 
be improved, 

[0122] When the signal voltage is varied, the level 
may be varied with respect to only one of the polarities 
of the signal voltage which are reversed to the other po- 
larity in every adjacent applying-storing period, and the 
level may be varied with respect to the both polarities of 
the signal voltage. 

[01 23] In the driving method, after the scanning period 
in which the signal voltage is applied to the display elec- 
trode of one screen, it is preferable that a non-scanning 
period, longer than the scanning period, in which the sig- 
nal voltage is not applied. By this, the scanning is not 
performed in the non-scanning period, so that it is pos- 
sible to cease a driving-related circuit. Therefore, it is 
possible to reduce power consumption. Further, when 
a period in which the storage capacitor maintains a volt- 
age is long, an imbalance of the stored voltage occurs 
between positive and negative polarities due to a leak 
characteristic of the TFT etc. In order solve the problem, 
the common voltage or the level of the signal voltage is 
varied, so that it is possible to avoid the occurrence of 
such an imbalance, 

[0124] In the driving method, it is preferable that the 
active matrix type display device is a reflecting active 
matrix type liquid crystal display device including a re- 
flecting electrode in the display electrode. Thus, even 
when a high-speed refresh display mode which can re- 
alizes an animation display and a low-speed refresh 
mode which is to save power are switched as required 



in the reflecting active matrix type liquid crystal display 
device used suitably in portable data terminals including 
a cellular phone, it is possible to largely reduce the flick- 
er which is likely to occur in the liquid crystal display de- 
5 vice. 

[0125] The invention being thus described, it will be 
obvious that the same way may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
10 modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

15 Claims 

1. A driving method of an active matrix type display 
device which includes plural display electrodes(15) 
provided in a matrix manner a counter electrode 

20 (16) which is provided so that the counter electrode 
(16) faces the display electrodes(16) and a com- 
mon voltage is applied to the counter electrode (16), 
an active element(14) for applying a signal voltage 
to the display electrodes(15) when a scanning line 

25 (G(j)) is selected, a storage capacitor (CLC) for stor- 
ing a driving voltage which is determined by the sig- 
nal voltage applied to the display electrodes(15) 
and the common voltage applied to the counter 
electrode(16), wherein 

30 a level of the common voltage is varied ac- 

cording to a length of an applying-storing period for 
applying the signal voltage and storing the driving 
voltage. 

35 2. The driving method of the active matrix type display 
device set forth in claim 1 , wherein plural d.c, volt- 
ages are used as the common voltage so as to 
switch the d.c. voltages in every applying-storing 
period of a different length. 

40 

3. The driving method of the active matrix type display 
device set forth in claim 1 , wherein an a.c. voltage 
is used as the common voltage so as to vary a level 
of a mean potential of an amplitude of the a.c. volt- 
es age in every applying-storing period of a different 

length. 

4. The driving method of the active matrix type display 
device set forth in claim 1 or claim 3, wherein an a. 

50 c. voltage is used as the common voltage so as to 
vary an amplitude of the a.c. voltage in every apply- 
ing-storing period of a different length. 

5. A driving method of an active matrix type display 
55 device which includes plural display electrodes(1 5) 

provided in a matrix manner a counter electrode 
(1 6) which is provided so that the counter electrode 
(16) faces the display electrodes(15) and a com- 
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mon voltage is applied to the counter electrode(1 6) , 
an active element(14) for applying a signal voltage 
to the display electrodes(15) when a scanning line 
(G(j)) is selected, a storage capacitor(CLC) for stor- 
ing a driving voltage which is determined by the sig- 
nal voltage applied to the display electrodes(15) 
and the common voltage applied to the counter 
electrode(16), wherein 

a level of the signal voltage is varied accord- 
ing to a length of an applying-storing period for ap- 
plying the signal voltage and storing the driving volt- 
age. 

6. The driving method of the active matrix type display 
device set forth in claim 5, wherein plural d.c. volt- 
ages are used as the signal voltage so as to switch 
the d.c. voltages in every applying-storing period of 
a different length. 

7. The driving method of the active matrix type display 
device set forth in claim 5, wherein a level of the 
signal voltage is varied with respect to only one of 
the polarities of the signal voltage which are re- 
versed in every adjacent applying-storing period. 

8. The driving method of the active matrix type display 
device set forth in claim 5, wherein a level of the 
signal voltage is varied with respect to both polari- 
ties of the signal voltage which are reversed in every 
adjacent applying-storing period. 

9. The driving method of the active matrix type display 
device set forth in claim 5, wherein an a.c. voltage 
is used as the signal voltage so as to vary a level of 
a mean potential of an amplitude of the a.c. voltage 
in every applying-storing period of a different length. 

10. The driving method of the active matrix type display 
device set forth in claim 5 or claim 9, wherein an a, 
c, voltage is used as the signal voltage so as to vary 
an amplitude of the a.c. voltage in every applying- 
storing period of a different length. 

1 1 . The driving method of the active matrix type display 
device set forth in any one of claim 1 to claim 10, 
wherein after a scanning period in which the signal 
voltage is applied to the display electrodes(15) of 
one screen, a non-scanning period, longer than the 
scanning period, in which the signal voltage is not 
applied is provided. 

12. The driving method of the active matrix type display 
device set forth in any one of claim 1 to claim 11, 
wherein said active matrix type display device is a 
reflecting active matrix type display device including 
reflecting electrodes(15b) in the display electrodes 
(15). 



1 3. An active matrix type display device comprising plu- 
ral display electrodes (15) provided in a matrix man- 
ner; a counter electrode(16) which is provided so 
that the counter electrode(16) faces the display 

5 electrodes(15) and a common voltage is applied to 
the counter electrode(16) ; an active element (14) 
for applying a signal voltage to the display elec- 
trodes(15) when a scanning line(G(j)) is selected; a 
storage capacitor(CLC) for storing a driving voltage 

10 which is determined by the signal voltage applied 
to the display oloctrodos(15) and the common volt 
age applied to tho counter electrode(16), wherein 
said active matrix type display device comprising; 
level varying means(5, 22, 23) for varying a 

15 level of the common voltage according to a length 
of an applying-storing period in which the signal 
voltage is applied and the driving voltage is stored. 

14. The active matrix type display device set forth in 
20 claim 13, wherein said level varying means(5) in- 
cludes voltage switching means(5c, 5i) by which 
plural d.c. voltages as the common voltage are 
switched in every applying-storing period of a differ- 
ent length. 

25 

15. The active matrix type display device set forth in 
claim 13, wherein said level varying means(22, 23) 
varies a level of a mean potential of an amplitude 
of an a.c. voltage as the common voltage in every 

30 applying-storing period of a different length. 

16. The active matrix type display device set forth in 
claim 13 or claim 15, wherein said level varying 
means(23) includes amplitude varying means(23f) 

35 which varies an amplitude of an a.c. voltage as the 
common voltage in every applying-storing period of 
a different length. 

1 7. An active matrix type display device comprising plu- 
40 ral display electrodes(1 5) provided in a matrix man- 
ner; a counter electrode(16) which is provided so 
that the counter electrode(16) faces the display 
electrodes(1 5) and a common voltage is applied to 
the counter electrode( 16); an active e!ement( 14) for 

45 applying a signal voltage to the display electrodes 
(15) when a scanning line(G(j)) is selected; a stor- 
age capacitor(CLC) for storing a driving voltage 
which is determined by the signal voltage applied 
to the display electrodes(15) and the common volt- 
50 age applied to the counter electrode, wherein said 
active matrix type display device comprising: 

level varying means(7, 9,21) for varying a lev- 
el of the signal voltage according to a length of an 
applying-storing period in which the signal voltage 
55 is applied and the driving voltage is stored. 

18. The active matrix type display device set forth in 
claim 17, wherein said level varying means(7) in- 
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eludes voltage varying means(7e, 7f, 7o, 7p) by 
which plura! d.c. voltages as the signal voltage are 
switched in every applying-storing period of a differ- 
ent length. 

5 

19. The active matrix type display device set forth in 
claim 1 4 or claim 18, wherein said voltage switching 
means(5, 7) Is provided so as to correspond itself 
to the applying-storing period, and includes voltage 
setting means (5a, 5b, 5e to 5h, 7r to 7u) for setting 10 
the d.c. voltages, and applies a current only to a se 
lected voltage setting moans. 

20. The active matrix type display device set forth in 
claim 17, wherein said level varying means(7) var- is 
ies a level of the signal voltage with respect to only 
one of the polarities of the signal voltage which are 
reversed in every adjacent applying-storing period. 

21. The active matrix type display device set forth in 20 
claim 1 7, wherein said level varying means(9) var- 
ies a level of the signal voltage with respect to both 
polarities of the signal voltage which are reversed 

in every adjacent applying-storing period. 

25 

22. The active matrix type display device set forth in 
claim 1 7, wherein said level varying means(21 ) var- 
ies a level of a mean potential of an amplitude of an 
a.c. voltage as the signal voltage in every applying- 
storing period of a different length. 30 

23. The active matrix type display device set forth in 
claim 17 or claim 22, wherein said level varying 
means(21 ) includes amplitude varying means(21 g) 
which varies an amplitude of an a.c. vollage as the 35 
signal voltage in every applying-storing period of a 
different length. 
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FIG. 1 3 
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FIG. 1 6 
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manner, it is possible to equalize the effective voltage 
of positive polarity and the effective voltage of negative 
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